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Background: Current Canadian and international guidelines suggest patients with transient ischemic attack (TIA) or
nondisabling stroke and ipsilateral internal carotid artery stenosis of 50% to 99% should be offered carotid endarterec-
tomy (CEA) <2 weeks of the incident TIA or stroke. The objective of the study was to identify whether these goals are
being met and the factors that most influence wait times.
Methods: Patients who underwent CEA at the OttawaHospital for symptomatic carotid artery stenosis from 2008 to 2010
were identified. Time intervals based on the dates of initial symptoms, referral to and visit with a vascular surgeon, the
decision to operate, and the date of surgery were recorded for each patient. The influence of various factors on wait times
was explored, including age, sex, type of index event, referring physician, distance from the surgical center, degree of
stenosis, and surgeon assigned.
Results: Of the 117 patients who underwent CEA, 92 (78.6%) were symptomatic. The median time from onset of
symptoms to surgery for all patients was 79 days (interquartile range [IQR], 34-161). The shortest wait times were
observed in stroke patients (49 [IQR, 27-81] days) and inpatient referrals (66 [IQR, 25-103] days). Only 7 of the 92
symptomatic patients (8%) received care within the recommended 2 weeks. The median surgical wait time for all patients
was 14 days (IQR, 8-25 days). In the multivariable analysis, significant predictors of longer wait times included retinal
TIA (P  .003), outpatient referrals (P  .004), and distance from the center (P  .008). Patients who presented to the
emergency department had the shortest delays in seeing a vascular surgeon and subsequently undergoing CEA (P <
.0001). There was no difference between surgeons for wait times to be seen in the clinic; however, there were significant
differences among surgeons once the decision was made to proceed with CEA.
Conclusions: Our wait times for CEA currently do not fall within the recommended 2-week guideline nor does it appear
feasible within the current system. Important factors contributing to delays include outpatient referrals, living farther
from the hospital, and presenting with a retinal TIA (amaurosis fugax). Our findings also suggest better scheduling
practices once a decision is made to operate can modestly improve overall and surgical wait times for CEA. (J Vasc Surg
2012;56:661-7.)
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sPatients with symptomatic carotid artery stenosis are at
increased risk of stroke. Carotid artery stenosis may lead to
transient ischemic attack (TIA), defined by symptoms that
resolve24 hours, or stroke if the patient dies or symptoms
persist24 hours.1 TIA and stroke are both future predic-
tors of future serious morbidity, includingmajor stroke and
death.2 A TIA is estimated to precede nearly one in five
strokes.3 The risk of a stroke is highest shortly after the
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http://dx.doi.org/10.1016/j.jvs.2012.03.001resenting event, with an estimated rate of 5% to 12%
ithin the first week2,4 and a 48-hour risk of 3% to 5%.4
atients presenting with a first-recorded hemispheric TIA
lso have a higher risk of stroke within a 90-day period than
imilar patients presenting with a stroke (20.1% vs 2.3%).3,4
A considerable body of evidence suggests that carotid
ndarterectomy (CEA) is effective and cost-effective for the
revention of stroke in individuals with symptomatic ste-
osis.5,6 Patients with severe (70%) stenosis, men, and
atients aged75 years may be more likely to benefit from
EA.3 A growing body of evidence also suggests an in-
reased benefit related to the timing of surgery from the last
ymptom.3,7 As a consequence, national and international
uidelines have recommended stable patients with TIA or
ondisabling stroke and ipsilateral internal carotid artery
tenosis of 50% to 99% should be offered CEA optimally
2 weeks of the incident TIA or stroke.8-12 More recent
vidence13 has prompted further guidance in the United
tates and the United Kingdom (UK) that high-risk symp-
omatic patients should be assessed, investigated, and pos-
ibly treated 24 hours.1,9
Achieving these targets remains a major public health
nd resource challenge.14 The lay public is believed to be
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September 2012662 Jetty et allargely unaware of the gravity of symptoms and will not
seek care urgently.1 In a UK-based study, 15% of patients
indicated they would ignore their first symptom, approxi-
mately one-half would make an appointment with their
general practitioner, and one in three would seek assess-
ment by an optician for amaurosis fugax.15 A Canadian
study revealed that between 2003 and 2006, only 38 of 105
patients (33%) received CEA within the recommended
2-week target time frame and that surgery in 26 (25%) was
delayed 3 months.16 That study only examined patients
presenting to special stroke centers (mostly large-volume,
tertiary care centers with specialized stroke care resources
and expertise). This leads to questions about whether wait
times have decreased since that time and the degree to
which these same targets are applicable to a broader sample
of patients, including those who are managed entirely as
outpatients.
The primary purpose of this study is to examine surgical
wait times in a representative population cohort consisting
of a mix of hospital and outpatient referrals and to see if
they meet currently recommended standards. The second-
ary purpose is to examine where delays are occurring and
the factors that may have an influence on these wait times.
METHODS
The reporting of this study is structured according to
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) checklist.17 Appropriate hu-
man ethics committee approval for this study was obtained
from the Ottawa Hospital Research Ethics Board. The
Ottawa Hospital is a multiple site tertiary-care teaching
hospital that serves a region of 1.5 million people in Ottawa
and rural eastern Ontario and is the only center that offers
CEA in this catchment area. The Ottawa Hospital houses a
group practice of five vascular surgeons who operate a
common referral practice.
In our current system, patients who experienced TIAs
presented to a primary care physician (family or emergency
department [ED] physician). An eventual referral to a
vascular surgeon was made (approximately half of the time
after a neurology consultation at our stroke center clinic),
with a duplex ultrasound, computed tomography, or mag-
netic resonance angiography most often performed by the
referring doctor before the vascular surgery consultation. A
second study was repeated50% of the time by the vascular
surgery service for confirmation or characterization of the
lesion severity. No protocol exists to standardize imaging.
Patients are not referred to a particular surgeon but
instead are referred in a single queue. Surgery is then
performed by the same surgeon who is assigned the referral
and provides consultation. No other surgeons perform
carotid interventions in the Ottawa catchment area, with
the exception of CEAs performed by neurosurgeons and
angioplasty and stenting performed by neurointervention-
ists at our center. These interventions could not be reliably
captured in our study but account for 10% of the carotid
stenosis volume, respectively. sInformation on all patients referred to the group practice
or CEA is entered into a database (AbelMed) by an adminis-
rative assistant. The study cohort was initially identified from
he database by two investigators (D.K., M.R.) and a research
ssistant. Patients who were included were adults who under-
ent surgery at the Ottawa Hospital for symptomatic, mod-
rate (50%), and severe (70%) carotid artery stenosis from
anuary 2008 to January 2010. The study excluded patients
ho were receiving CEA secondary to other procedures (ie,
ardiac operations) and patients with asymptomatic disease.
e did not identify patients who underwent CEA performed
y a neurosurgeon.
Patient information related to study variables was iden-
ified by three researchers (D.K., M.R., and a research
urse) from the hospital electronic medical records
vOASIS EMR, 2008 Emergis) and office records. An
lectronic form was populated in parallel by each investiga-
or. Every effort was made to locate missing data. Discrep-
ncies were resolved by discussion between researchers and
he principal investigator (P.J.), who also double-checked
he input against the original records.
The outcome variable of interest was time spent along
ntervals defined by the steps of a referral pathway that began
ith the onset of patient symptoms and ended with surgery.
our time intervals were defined: T1, time of onset of symp-
oms to vascular referral; T2, vascular referral to consult; T3,
ascular consult to decision tooperate; T4, decision tooperate
o surgery (surgical wait time). The number of days spent in
ach interval was estimated for each patient who underwent
urgery according to various sources of data (Fig 1).
The effect of potentially explanatory baseline variables
n the time spent in each time interval was examined in a
ivariate analysis. These variables included age, sex, type of
ndex event (hemispheric TIA, retinal TIA, nondisabling
schemic stroke), type of physician referring source (family
hysician, neurologist, ED physician), location of referral
outpatient, inpatient), preoperative consultations (none,
eurologist, cardiologist), distance from the surgical cen-
er, amount of imaging (one or more tests), degree of
tenosis (moderate, severe), admission history 30 days
yes, no), and surgeon assigned. All inpatient referrals for
IA and stroke were patients who initially came through
he ED and therefore were studied in the same group as ED
eferrals. A description of how each variable was estimated
s provided in Appendix I (online only).
We used nonparametric Wilcoxon two-sample and
ruskal-Wallis one-way analysis of variance tests to examine
he interaction between time and these baseline variables
ecause waiting times were not normally distributed. A mul-
ivariate analysis was performed using a linear regression
odel that controlled for some of the key baseline variables
xamined on the univariate analysis. These included sex, type
f index event, type of physician referring, referral location,
reoperative consultations, distance from surgical center,
mount of imaging, admission history, degree of stenosis, and
urgeon assigned. We used the natural logarithm of time
nterval as the dependent variable because waiting times were
kewed toward shorter waits.
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Volume 56, Number 3 Jetty et al 663The level of statistical significance for null hypothesis
testing was P  .05. Although several time intervals were
examined, the focus of this report is the overall wait time
(from onset of symptoms to surgery) and the surgical wait
time (from decision to operate until surgery) because these
are most relevant to policy and practice. Statistical analyses
were performed using SAS 9.2 software (SAS Institute,
Cary, NC). Missing data were handled through the SAS
PROC GLM procedure.18
RESULTS
We originally identified 117 patients, of which 25 were
excluded because they exhibited no prior symptoms. No
patients were identified for which CEA was conducted sec-
ondary to another procedure. Our study cohort included 92
patients (30 women) who were an average age of 69.8 years.
Almost 90% of patients presented with severe (70% to 99%)
carotid artery stenosis. Of the 92 patients, 41 (45%) were
referred on an elective or outpatient basis and 47 (51%)
received more than one noninvasive imaging test. Other key
clinical and demographic variables are reported in Table I.
The median time from onset of symptoms to surgery
for all patients was 79 days (interquartile range [IQR],
34-161 days). The accompanying average time was 113
days (95% confidence interval [CI], 92-134 days). Wait
times varied among subgroups, with the longest overall
median wait times observed in outpatient referrals (110
[IQR, 61-216) days), patients presenting with retinal TIAs
(103 [IQR, 68.5-219] days), and patients referred initially
by general practitioners (87 [IQR, 56-200] days) and
neurologists (81 [IQR, 41-169] days). Only 8% of patients
(7 of 92) received care within the recommended 2-week
time frame, almost 45% did not receive care 12 weeks of
Fig 1. Diagram shows how data in the referral pathwa
emergency department; EHR, electronic health record;the onset of their original symptoms, and approximately malf of patients who received care 12 weeks presented
ith retinal TIAs (Table II).
The longest wait time along the care pathway occurred
rom time of onset to referral (interval T1), with 50% of
atients waiting 35 days after receiving an image to be
eferred, whereas 10% of patients waited 147 days. The
able I. Characteristics of patients who underwent
EA for symptomatic stenosis by vascular surgeons
t the Ottawa Hospital from January 1, 2008, to
anuary 1, 2010
emographics Mean (range) or No. (%)
atients, No. 92
ge, years 69.8 (68.0-71.6)
70 years 50 (54.3)
emale 30 (32.6)
egree of stenosis
Moderate, 50%-69% 10 (10.9)
Severe, 70%-99% 82 (89.1)
ndex event
Hemispheric TIA 43 (46.7)
Retinal TIA 32 (34.8)
Ischemic stroke 17 (18.5)
oninvasive imaging
Duplex 84 (91.3)
Computed tomography 46 (50.0)
1 modality 47 (51.1)
eferral type
Inpatient/ED 51 (55.4)
Outpatient 41 (44.6)
verage distance from center, km 54.4 (43.1-65.6)
rior hospital admission 30 days 20 (21.7)
EA, Carotid endarterectomy; ED, emergency department; TIA, transient
schemic attack.
dy were analyzed. CEA, Carotid endarterectomy; ED,
eneral practitioner; T, time.y stuedian surgical wait time for all patients was 14 days (IQR,
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September 2012664 Jetty et al8-25 days), with 90% of patients receiving surgery after the
decision to operate 40 days (Table III). Of 82 patients
with severe stenosis, only six (7.3%) waited for 2 weeks.
In patients with severe stenosis, 90% of surgeries were
279 days. Of the 10 patients with moderate stenosis, one
(10%) waited 2 weeks and 90% of patients received sur-
gery 312 days (Table II).
Among important baseline variables, no significant dif-
ferences were detected between overall wait times accord-
ing to age, sex, index event, referral history, amount of
imaging, degree of stenosis, admission history, and surgeon
assigned. Type of physician referring (P  .001) and loca-
tion of referral (P  .02) were associated with significant
differences in overall wait times. For surgical wait times
(interval T4), no significant interactions were detected with
the exception of the surgeon performing the operation
(P  .006).
In the multivariable analysis, with other variables held
Table II. Proportion of patients who undergo CEA 2 w
index TIA
Variable
Patients
No. (%)
Median (IQR
(days)
Overall 92 (100) 79 (34-161)
Age
70 years 42 (45.7) 78 (41-136)
70 years 50 (54.3) 80 (32-200)
Sex
Female 30 (32.6) 74 (39-136)
Male 62 (67.4) 80 (32-204)
Degree of stenosis
50%-69% 10 (10.9) 75 (27-200)
70%-99% 82 (89.1) 80 (35-153)
Index event
Hemispheric TIA 43 (46.7) 69 (30-138)
Retinal TIA 32 (34.8) 103 (68.5-219
Stroke 17 (18.5) 49 (27-81)
Referral type
Inpatient 51 (55.4) 66 (25-103)
Outpatient 41 (44.6) 110 (61-216)
Referral source
Emergency department 11 (12.0) 12 (10-53)
General practitioner 34 (37.0) 87 (56-200)
Neurologist 47 (51.0) 81 (41-169)
CEA, Carotid endarterectomy; IQR, interquartile range; TIA, transient isch
Table III. Waiting times in the referral pathway
Interval Patients (No.)
TIA to surgery 92
T1: TIA to vascular referral 88a
T2: Vascular referral to vascular consult 88a
T3: Vascular consult to decision 92
T4: Surgical wait time (decision to surgery) 92
CI, Confidence interval; IQR, interquartile range; T, time; TIA, transient is
aFour patients with missing data on the exact date of referral (deleted pointconstant, significant predictors of longer wait times in- hluded retinal TIA (P .003), hemispheric TIA (P .03),
utpatient referrals (P  .004), and distance from the
enter (P .008). ED physician referrals were a significant
redictor of shorter wait times (P  .0001). Significant
ontributions of an effect on wait times from sex differ-
nces, degree of stenosis, type of preoperative consultation,
nd amount of imaging could not be detected. The oper-
ting surgeon was a significant influence on overall wait
imes, with other variables held constant. Three surgeons
ontributed to significantly shorter surgical wait times than
thers (Fig 2). A more complete description of the analysis
an be found in Appendix II (online only).
ISCUSSION
Our examination of wait times in an Ottawa-based
roup practice reveals that only 8% of patients with moder-
te to severe symptomatic carotid artery stenosis receive
EA within a recommended 2-week time frame. Almost
, between 2 and 12 weeks, and 12 weeks from date of
90th
percentile
2
weeks
No. (%)
2-12
weeks
No. (%)
12
weeks
No. (%)
279 7 (7.6) 44 (47.8) 41 (44.6)
232 3 (7.1) 21 (50.0) 18 (42.9)
280 4 (8.0) 23 (46.0) 23 (46.0)
175 2 (6.6) 17 (56.7) 11 (36.7)
301 5 (8.0) 27 (43.6) 30 (48.4)
312 1 (10.0) 6 (60.0) 3 (30.0)
279 6 (7.3) 38 (46.3) 38 (46.3)
232 5 (11.6) 21 (48.4) 17 (39.3)
296 1 (3.1) 11 (34.4) 20 (62.5)
139 1 (5.9) 12 (70.6) 4 (23.5)
201 6 (11.8) 28 (54.9) 17 (33.3)
296 1 (2.4) 16 (39.0) 24 (58.5)
55 6 (54.6) 4 (36.4) 1 (9.0)
279 0 8 (24.2) 25 (75.8)
281 1 (2.1) 12 (25.5) 34 (72.4)
attack.
n (IQR) (days) 90th percentile (days)
Mean (95% CI)
(days)
9 (34-161) 279 113.4 (92.4-134.4)
5 (7-68) 147 56.2 (39.1-73.2)
0 (5-34) 50 19.7 (15.0-24.5)
0 (0-0) 30 11.9 (5.0-18.8)
4 (8-25) 40 25.7 (15.2-36.2)
ic attack.
S analysis).eeks
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Volume 56, Number 3 Jetty et al 665onset of their last symptoms. The median time to conduct
surgery once a decision to operate had been made (ie, the
surgical wait time) was 14 days, with 90% of patients
receiving surgery 40 days. Several factors appear to influ-
ence overall and surgical wait times, most notably, the type
of physician referring, the location of the referral, and
patient symptoms. In our group practice, the surgeon
booking the procedure also appeared to be a strong predic-
tor of surgical wait times.
The strength of our study and its findings is that it
examines wait times and factors contributing to waiting in a
representative sample of Canadian patients. Almost half of
the patients were elective outpatient referrals, and patients
were treated by several surgeons. In addition, the Ottawa
Hospital serves a mix of urban and rural communities and
patients, suggesting the results could be generalizable to
smaller centers. Our study also uses previously published
methods for the analysis of wait times in patients with
symptomatic carotid artery stenosis.
One limitation of this study is that certain clinical and
demographic variables were not collected or assessed. In
particular, prescribed medications, medical history, comor-
bidities, and stroke severity were not assessed in individual
patients. However, these factors are likely to be reflected in
the type of physician referring and location of the referral,
with urgent andmore severe cases more likely to be referred
by an ED physician on an inpatient basis. We also did not
use a time-dependent analysis to examine the association of
various factors on wait times because we do not believe this
would have an effect on the overall results.
An additional limitation of our study is that practice
Fig 2. Box and whisker plot shows surgical wait time (days
[range]) by surgeon. The horizontal line in the middle of each box
indicates the median; the top and bottom borders of the box mark
the 75th and 25th percentiles, respectively, and the whiskers mark
the 90th and 10th percentiles.patterns unique to our center may have had an effect on sait times, and caution should be exercised when general-
zing to other settings. For example, in general, we do wait
2 weeks after a patient sustains a severe stroke with a
ignificant deficit to establish neurologic recovery before
erforming CEA. Also, the incidence of carotid stenting
rocedures, combined procedures (none, in our sample),
symptomatic cases, or cases performed by neurosurgeons
ay be substantially higher in other health systems, such as
n the United States. We did not explicitly identify patients
ho underwent carotid stenting procedures or CEA per-
ormed by a neurosurgeon, but we do not believe there is a
arge enough difference between these small proportions of
atients and our own sample to cause a predictable differ-
nce in our estimate of overall wait times.
Because our focus was on patients who completed
urgery, we have no information on patients who may have
xperienced symptoms but were not successfully referred or
hose who were referred but who never received surgery.
e also did not collect information on perioperative com-
lications, including acute myocardial infarction, stroke,
nd death. In our experience, perioperative complications
ould have constituted a considerable minority of patients.
his is supported by observations from a prospective
opulation-based study of wait times in a similar group of
atients in the UK. In the Effect of Urgent Treatment of
ransient Ischemic Attack and Minor Stroke on Early
ecurrent Stroke (EXPRESS) study, the rate of myocardial
nfarction and death during the same time intervals was 2 to
/1000 and 6 to 11/1000, respectively.13
Several other Canadian and international studies have
eported wait times for CEA. Most recently, Gladstone et
l16 examined wait times experienced by 105 patients who
nderwent CEA for unilateral symptomatic carotid stenosis
6 months of the index event. These authors reported a
edian time to surgery from an index event of 30 days, with
6.2% of patients receiving surgery 2 weeks.16 The con-
iderably shorter wait time reported in these patients com-
ared with those in our cohort might be explained by the
igher proportion of inpatient referrals (100% vs 55%),
ncluding ED referrals (78.1% vs 55%) within stroke centers
ith a higher degree of coordination of care. Although a
maller proportion of patients presented with TIA, a much
igher proportion of 51.5% received care 2 weeks com-
ared with the 11.6% observed in our study. Like our study,
egree of stenosis and age did not seem to significantly
nfluence wait times.
Several recent international studies have assessed wait
imes in a similar fashion to our study.19-21 These studies
ave reported a median overall time for outpatient proce-
ures of 47 days (IQR, 32-65 days), 51 days (IQR not
eported), and 83 days (IQR, 20-136 days). Khashram et
l19 performed a clinical audit of 81 patients in a New
ealand practice and noted inpatient procedures were per-
ormed in a median of 32 days compared with 83 days for
utpatient referrals. Similar to our study, their study found
hat patients who were admitted to hospital, underwent
nvestigations, and were reviewed by the vascular surgery
ervice as inpatients were more likely to have CEA 2
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September 2012666 Jetty et alweeks from the event. Unlike our study, no formal analysis
of factors delaying wait times was conducted.
Similarly, a recent review of 75 patients referred to a
Scottish vascular unit revealed a median interval from onset
of symptoms to surgery of 47 days (IQR, 32-65 days) with
five of 64 patients (4.5%) having CEA 14 days. The
authors suggest that the number of steps in the referral
pathway, coupled with the large catchment area with mul-
tiple referral sources, might be a significant contributing
factor to delay, but they did not conduct a formal analysis.
Similar to our findings, they noted considerable delay from
the onset of symptoms. The reported median delay from
symptoms to imaging was 16 days (IQR, 7-26 days). Our
analysis of this interval led to a comparable finding of 21
days (IQR, 3-64).
We believe our study provides a more contemporary
look at wait times since the announcement of National
Guidelines and performance measures in 2008. A much
earlier Canadian study examined wait times among 277
patients undergoing elective CEA between July 1, 1994,
and March 31, 1999.22 The study revealed the odds of
having surgery for symptomatic and asymptomatic carotid
stenosis outside the recommended time frame at that time
(21 days for symptomatic; 90 days for asymptomatic) was
2.5 times the odds of having surgery within the recom-
mended time frame. Comparisons with our study are
difficult because wait time lengths were not reported,
symptomatic patients were not reported separately, and
recommended wait times were 7 days longer.
Our analysis revealed only one factor that affected
surgical wait time—the surgeon assigned. A further inves-
tigation of differences in approach in our group practice
revealed that the surgeon with the shortest wait times used
a different scheduling and priority setting system for pa-
tients and surgeons with longer wait times had higher
volumes. Part of this difference could also be attributed to
differences in opinion regarding delaying surgery after a
stroke with significant disability or large infarct to establish
neurologic recovery. At least one other similar study to our
own recommended better booking procedures by surgeons
might lead to reductions in surgical wait times.20 However,
they additionally suggested that faster CEA might be facil-
itated by “placing suitable patients on the next available
operating list rather than waiting until the consultant to
which the patient was referred has space available on his/
her list.” Our experience suggests the implementation of a
single queue, which has been adopted by other group
practices, offers the potential to further reduce wait times.
Although our group practice receives referrals in a single
queue, we have contemplated but not implemented the
addition of single-queue booking for procedures.
We believe the findings of our study have implications
for care providers. Foremost, our study highlights the need
for more urgent attention when a patient becomes aware of
symptoms of carotid artery stenosis.23,24 Our study reveals
ED referrals are strongly associated with significantly
shorter wait times. This finding prompted us to perform an
additional analysis that revealed that referrals from the ED fere associated with 2-day median wait time to obtain an
maging study vs referrals from general practitioners (22
ays) or neurologists (25 days) (P  .03). Together, these
ndings suggest patients and caregivers may receive CEA
ooner after the initial onset of symptoms if they are aware
hat they require urgent care or are promptly triaged to the
D by telehealth services or their own outpatient provider.
t also may suggest the need for the capacity for coordi-
ated prioritization among imaging centers, family doc-
ors, and neurologists. Coordination and feasibility of ear-
ier involvement of the vascular surgeon (eg, at the initial
onsultation at the Neurology Stroke Prevention Clinic)
ill also be explored as a means to reduce wait times.
Our findings have important implications for policy
akers and those producing wait-time targets. Although
onsiderable evidence appears to suggest wait-time targets
f 2 weeks might lead to optimal health outcomes, the
uestion remains whether this is can be achieved given the
urrent structure and incentives for hospitals and providers.
n our experience, the time to receive diagnostic imaging
epends largely on who is requesting the service rather than
he disease burden or the importance of clinical sequelae
ssociated with the event. Unless appropriate structures
nd incentives are in place to reduce wait times from
maging requests from general practitioners or neurolo-
ists, a 2-week wait-time target is unrealistic and unachiev-
ble.
Lastly, we hope our findings can be used by other
linical and health services researchers interested in under-
tanding how service can be best oriented to patients to
roduce optimal health outcomes: First, we would be cu-
ious to know if other group practices have similar wait
imes; by replicating this study in other contexts, we might
chieve a better understanding of what factors most con-
ribute to wait times. Second, our findings suggest several
nterventions that might be amenable to study and evalua-
ion for their associated affect on wait times. These include
cheduling/priority setting interventions, interventions to
ncrease referrals to urgent care, and better coordination
cross care providers.
A more exhaustive study of the association of patient
ariables at presentation with long-term outcomes asso-
iated with symptomatic carotid stenosis in a Canadian
etting may provide information that can lead to wait
imes that are more feasible, amenable to triage, and
ailored to individual patients. For example, we detected
horter times when patients reported hemispheric TIA
nd stroke as their index event compared with a retinal
IA. In addition, almost half of the patients receiving
are after 12 weeks presented with retinal TIAs. These
ndings suggest that retinal TIAs are not being treated
ith the same urgency as other symptomatic disease,
resumably because of perceived differences in future
orbidity and clinical sequelae.25 Whether a 2-week rule
hould be equally applied to all index events requires
urther research.
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We have observed that wait times for CEA in a Cana-
dian group practice do not fall within the recommended
2-week guideline nor does it appear feasible within the
current system. Factors that appear to contribute to delays
include outpatient referrals, living farther from the hospital,
and presenting with a retinal TIA. Our findings also suggest
better scheduling practices once a decision is made to
operate and lower surgical volumes can modestly improve
overall and surgical wait times for CEA.
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Candidate variables. Candidate variables were devel-
oped before analysis through discussion among clinical
investigators. The analysis originally considered five depen-
dent time variables, splitting onset of symptoms to vascular
referral into two separate variables: onset of symptoms to
imaging, and imaging to referral. However, we realized
that these were not a homogenous set of intervals and were
susceptible to measurement error or availability of informa-
tion to our study group. In some cases, a patient had
symptoms, saw his or her general practitioner, and then
would be referred to imaging; at the other extreme, a
patient had symptoms, went to the emergency department,
was dismissed, saw his or her regular general practitioner,
and then went to imaging. It was possible a patient could
have more than one imaging study before the imaging
study that led to the referral. In this way, our analysis seeks
to focus on the performance of vascular surgery, dividing
the analysis into time periods before the vascular surgeon
was seen, and afterward.
Independent variables or factors influencing wait
times originally considered in the analysis were the same
as those used in the final analysis. However, the location oflective/outpatient referrals, referrals where a patient had
een admitted within the previous month, and urgent
eferrals where patients had been referred for surgery on
dmission. This was later broken into two categories,
lective/outpatient and inpatient, where urgent cases and
hose of patients who had been admitted 30 days (ie,
emiurgent cases) were grouped.
In addition, a larger analysis of both asymptomatic and
ymptomatic carotid stenosis was originally planned. This
ed to an additional classification of index event (asymp-
omatic) and type of imaging modality (surveillance blood
ow). However, wait-times guidance for asymptomatic
isease is less clear, and we concluded the findings should
ocus on a similar clinical population that is currently ame-
able to practice and fiscal policy.
Estimation of variables. Most variables were esti-
ated using information from the electronic health record.
nformation was entered into an Excel electronic spread-
heet (Microsoft Corp, Redmond, Wash), checked, and
alculations were made using Excel or SAS (SAS Institute,
ary, NC). Office records were consulted if information
ppeared to be missing or was corrupted in the electronic
ealth record. A description of each variable and thereferral originally constituted three categories, comprising method of estimation are provided in Appendix Table I.
Appendix Table I. Description of variables used in the analysis and how they were estimated
Variable Description Exact method of estimation
Dependent variables
Time interval
1 (T1) Days from onset of symptoms to vascular
referral
Difference between the date of symptoms as reported
by the patient to referring physician that appears
on the electronic health record (or chart if missing)
and date on the fax received by vascular surgery
2 (T2) Days from vascular referral to vascular
consult
Difference between the date on fax received by
vascular surgery and date of consult as recorded in
the electronic health record
3 (T3) Days from vascular consult to decision Difference between the date of consult as recorded in
the electronic health record and the date of
authorized consent in the office chart
4 (T4) Days from decision to surgery Difference between the date of authorized consent in
the office chart and the date of surgery in the
electronic health record
Independent variables
Age Age in years Difference in years between the date of surgery and
date of birth in the electronic health record
Sex Female or male Sex as recorded in the electronic health record
Index event Hemispheric TIA, retinal TIA,
nondisabling ischemic stroke
Most recent symptoms documented 6 months of
referral to vascular service as recorded in the
electronic health record
Physician referral source Family physician, neurologist, emergency
physician
Specialty as recorded in the health record and
corroborated by the referral fax; discrepancies use
information on the fax
Location of referral Outpatient, inpatient Location as determined in the health record and
corroborated by the referral fax; discrepancies use
information on fax
Preoperative consultations None, cardiologist, neurologist Evidence of preoperative consultation in the
electronic health record
Distance from center Kilometers Distance between patient’s residence postal code and
treating hospital postal code using Google maps
Amount of imaging 1 image before referral Number of imaging studies as recorded on the
electronic health record
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Variable Description Exact method of estimation
Degree of stenosis Carotid artery stenosis, 0% to 100% Percentage of narrowing of the lumen of the internal
carotid artery compared with the original diameter
as determined by the reading physician
Admission history Admitted to same hospital 30 days (yes
or no)
Evidence of previous admission for this complaint as
determined by the electronic health record or
office chart (for out-of-town admissions)
Surgeon assigned Name of surgeon assigned, reported as
surgeons A, B, C, D, E
Surgeon assigned to surgery as recorded in the
electronic health recordp
m
c
(
(
s
(TIA, Transient ischemic attack.
APPENDIX II (online only).
A multivariate linear regression analysis was conducted
using nine variables and the Stata PROC GLM (SAS Insti-
tute Inc, Cary, NC) procedure. The logarithm of time from
onset of symptoms to surgery was used in the model. The
order of entry of the predictor variables was not determined
ahead of time. The regression equation is as follows: Timehysician)  (3  symptoms)  (4  sex)  (5 
ultiple images)  (6  distance)  (7  cardiology
onsult)  (8  neurology consult)  (9  urgency) 
10  degree of stenosis).
The 10 variables produced an adjusted R2  .50
F10,90  5.09; P  .0001) for the prediction of onset of
ymptoms to surgery. Values of the individual regression
) coefficients and the standard errors and t values used toto surgery  0  (1  surgeon)  (2  referring test significance are summarized in Appendix Table II.
Appendix Table II. Values of the individual regression () coefficients and the standard errors and t values used to test
significance
Parameter Value Estimate of  Standard error t value Pr  t
Intercept 4.553092263 0.96150377 4.74 .0001
Surgeon A –0.941236954 0.38163514 –2.47 .0159
B 0.915714071 0.32138367 –2.85 .0057
C –0.532892786 0.33728607 –1.58 .1183
D –0.624875285 0.29125549 –2.15 .0352
E . . . . . . . . . . . .
Referral source EP –1.573315269 0.31327909 –5.02 .0001
GP –0.308511184 0.23817156 –1.30 .1992
Neurologist . . . . . . . . . . . .
Symptoms Retinal 0.903168471 0.29091222 3.10 .0027
Hemispheric 0.677804276 0.29711248 2.28 .0254
Stroke . . . . . . . . . . . .
Gender Female –0.218545348 0.20356031 –1.07 .2864
Male . . . . . . . . . . . .
Imaging 1 –0.197701916 0.21656281 –0.91 .3642
1 . . . . . . . . . . . .
Distance Kilometers 0.004873667 0.00180115 2.71 .0084
Cardiology consult Yes . . . . . . . . . . . .
No –0.135565749 0.25419457 –0.53 .5954
Neurology consult Yes . . . . . . . . . . . .
No 0.338977371 0.26589667 1.27 .2063
Location Outpatient 0.657573507 0.21929570 3.00 .0037
Inpatient . . . . . . . . . . . .
Stenosis % –0.007117903 0.01151501 –0.62 .5384
EP, Emergency physician; GP, general practitioner.
